Abstract The aim of this study was to investigate expression of CD147 and MMP-9 in triple-negative breast cancer (TNBC) so as to determine whether these two proteins may be correlated with poor prognosis of TNBC patients. We examined the expression levels of the CD147 and MMP-9 in 127 patients with TNBC and 30 patients with mammary gland fibroma using immunohistochemical staining before any treatments. Furthermore, we analyzed the correlation between the expression of these two proteins and various clinicopathologic factors including survival status of patients with TNBC. Positive stain of CD147 and MMP-9 was observed in all samples of TNBC. A statistically positive correlation was observed between the expression levels of CD147 and MMP-9 in TNBC tissues. The incidences of high expression were 48.0 % for CD147 and 53.5 % for MMP-9 in 127 TNBC tissues, respectively. High expression of either CD147 or MMP-9 was significantly correlated with clinical feature and shorter progression-free survival (PFS) (P CD147 = 0.039; P MMP-9 = 0.017) and overall survival (OS) (P CD147 = 0.037; P MMP-9 = 0.023). The expression levels of CD147 and MMP-9 are positively correlated with invasion, metastasis and shorter PFS/OS of TNBC. Patients with high expression of CD147 and MMP-9 had poor prognosis than TNBC patients with low expression.
Introduction
Triple-negative breast cancers (TNBC) are characterized by lack of expression of estrogen (ER), progesterone (PR) and HER-2 receptors and comprise 15-25 % of total breast cancer incidents. Most TNBC have a basal-like molecular phenotype by gene expression profiling [1, 2] . There is also significant overlap between TNBC and germline BRCA1 mutation-associated tumors, suggesting a shared carcinogenic pathway between TNBC and BRCA1-associated breast cancer [3, 4] . In addition, TNBC are more likely to be poorly differentiated and display a higher histologic grade, and these cancers are diagnosed more frequently in younger and pre-menopausal women and have more aggressive clinical courses. Due to the lack of known specific therapeutic targets, patients with TNBC cannot benefit from conventional endocrine-targeted therapies, anti-HER2 drugs or some other types of chemotherapy. Currently, standard treatment regimens for TNBC have not been established, and our understanding for TNBC is insufficient. The mortality of patients with TNBC is high [5] . Therefore, some new prognostic indicators and approaches for the treatment of TNBC are urgently needed to be developed.
Recently, several pathways of interest have been studied, including the roles of the CD147 and Matrix metalloproteinase 9 (MMP-9). In many tumors, the expression levels of MMPs are mainly regulated by tumor-stroma interactions via tumor cell-associated extracellular MMPs inducer, CD147 (Emmprin) [6, 7] . CD147, a transmembrane glycoprotein of the immunoglobulin superfamily, is identified as a signaling receptor to extracellular CypA. CD147 is overexpressed in various tumor cells and correlates with tumor invasion, metastasis and angiogenesis [8] . CD147 has been reported to be on the cell surface of 80 % of disseminated cancer cells. Based on its role in the regulation of MMPs expression, CD147 is thought to facilitate invasion and metastasis indirectly by the induction and regulation of basement membrane-degrading proteases, in particular MMP-9 [9, 10] . MMP-9 is a secreted multidomain enzyme that regulates cellmatrix composition. It belongs to the gelatinase subfamily of the MMPs. Therefore, its main substrate is gelatin (a denatured collagen). MMP-9 is produced by selected cell types including keratinocytes, monocytes, tissue macrophages, polymorphonuclear leukocytes and a variety of malignant cells. The expression level and/or activity of MMP-9 are also elevated in invasive tumor compared with non-invasive tumor [11] . Recent studies have demonstrated that CD147 and matrix metalloproteinase 9 (MMP-9) play an important role in the invasion and metastasis of several types of human malignancies [9, [12] [13] [14] [15] , but there are no reports about CD147 and MMP-9 in TNBC patients.
The aim of the present study is first to evaluate the expression levels of CD147 and MMP-9 in 127 TNBC patients coming from our affiliated hospitals of Harbin Medical University using immunohistochemistry method, and their association with various clinical parameters and prognosis of TNBC, and therefore may be useful biomarkers and in predicting outcome and prognosis in TNBC patients.
Materials and methods

Patients and tissue samples
In our present study, 127 TNBC patients were evaluated, and a complete set of follow-up data were obtained. All of the patients underwent a curative operation, such as a mastectomy or conservative surgery with axillary lymph node dissection and did not undergo pre-operative radiochemotherapy; at the same time, 30 mammary gland fibroma tissues were used as controls. All the formalin-fixed paraffin-embedded specimens used in IHC were collected from the patients undergoing surgery between January 2003 and July 2005 in the Third Affiliated Hospital of Harbin Medical University. HER2 with -and ? immunohistochemical staining was considered negative expression. For cases with ?? expression, further fluorescence in situ hybridization was performed to determine negative or positive expression [16] . Each patient was treated postoperatively with suitable adjuvant therapy according to the stage of the disease. Tumors were confirmed histopathologically and were staged according to TNM classification [17] . All research involving human participants and human samples have been approved by the Ethics and Scientific Committees of the Third Affiliated Harbin Medical University, and all participants signed an Institutional Review Board-approved informed consent form to participate in the study.
Immunohistochemistry
Immunohistochemical assays were performed on formalinfixed and paraffin-embedded sections. Sections (thickness = 4 lm) were cut and deparaffinized in xylene and rehydrated in graded alcohols. The avidin-biotin complex (ABC) method was used in the whole IHC procedure. Antigen retrieval was performed using a steamer for 20 min in 1 9 EDTA buffer. Endogenous peroxidase activity was blocked by 3 % hydrogen peroxide in methanol for 20 min. Five percent non-fat milk was used for blocking (1 h). Slides were then incubated with rabbit polyclonal antibody directed against human CD147 (1:50 dilution, Zhongshan Bio., Beijing, China) or MMP-9 antibody (1:100 dilution, Zhongshan Bio., Beijing, China) for 1 h at room temperature. Then slides were reacted with the second antibody of MaxVisionTM HRP-Polymer anti-Rabbit (Maixin. Bio., Fuzhou, China) and counterstained with Mayer's hematoxylin following staining with DAB. The tumor cells with membranous or cytoplasmic staining were considered positive for expression of CD147 or MMP-9 [12, 18] .
The digital images of five representative visual fields from each slide that was positive for CD147 and MMP-9 (9200) were analyzed using Image-Pro Plus 6.0 software (Media Cybernetics, Inc., Bethesda, USA). The mean value of densitometric units of five visual fields was used as score of the expression intensity of CD147 and MMP-9. The immunohistochemically stained tissue sections were reviewed and scored separately by two pathologists blinded to the clinical parameters. Staining for CD147 and MMP-9 was assessed using a relatively simple, reproducible scoring method [18] [19] [20] . The staining intensity was scored on a scale of 0-3 as negative (0), weak (1), medium (2) or strong (3) . The extent of the staining, defined as the percentage of positive staining areas of cancer cells or fibroma tissue cells in relation to the whole tissue area, was scored on a scale of 0-4 as the following: 0,\10 %; 1, 10-25 %; 2, 26-50 %; 3, 50-75 % and 4, C76 %. The sum of the staining-intensity and stainingextent scores was used as the final staining score for CD147 and MMP-9 (0-7). For statistical analysis, final staining scores of 0-5 and 6-7 were considered to be low and high expression, respectively.
Data analysis
All data were analyzed using the Statistical Package for the Social Sciences Version 13.0 software (SPSS, Chicago, IL, USA). Correlation between expression levels was studied using the Pearson coefficient. The two-sided Pearson's v2 test and the Fisher's exact test were used to compare the clinicopathological parameters between low and high expression groups. Progression-free survival (PFS) was measured from the start of therapy until the time of disease progression or until the end of the observation period in patients without a progressive disease. Overall survival (OS) was measured until death from any cause or the end of the observation period. Both PFS and OS were also measured from the date the therapy was started. Survival curves were calculated according to the Kaplan-Meier method, and the logrank test was used for analyzing differences between curves. Clinicopathologic factors known to be associated with prognosis, such as axillary lymph node metastasis (positive versus negative), histology grade (3 versus 1-2), tumor size ([2 cm versus B2 cm), chemotherapy regimen (taxanes versus anthracycline versus anthracycline ? taxanes), menopausal status (pre-menopausal versus postmenopausal), serum CA153 and CEA levels (positive versus negative) and additionally the expression of CD147 (high versus low) and MMP-9 (high versus low) were tested in univariate analysis. Variables that were found to be significant in univariate analysis were then entered in a multivariate Cox proportional hazards regression model to identify those with independent prognostic information for PFS and OS. All statistical tests were done at the 5 % level of significance.
Results
Analysis of correlation of CD147 and MMP-9 expression in TNBC
In total, 127 TNBC patients were enrolled in the present study and were analyzed for CD147 and MMP-9 expression. Patients and tumor characteristics are summarized in Table 1 . All patients were women with a mean age of 49 years (range 30-68 years), The median disease-free interval of the 127 patients was 35 months (range, 10-52 months), and the median time of overall survival was 44 months (range 12-52 months). Among the 127 TNBC samples, the frequency was 48.0 % (61/127) for high expression of CD147 and 53.5 % (68/ 127) for MMP-9, respectively. The different intensities of the staining are shown in Fig. 1 . The predominant pattern of CD147 and MMP-9 staining was cytoplasmic and the cell membrane. A statistically positive correlation was observed between CD147 and MMP-9 expression in TNBC tissues (n = 127, r = 0.812, P \ 0.001; Fig. 2 ). Fig. 1 Immunohistochemistry (9200) for CD147 and MMP-9 in representative specimens. Positive stain of CD147 and MMP-9 was seen in all 127 cases of tumor samples. High expression of CD147 (n = 61) and MMP-9 (n = 68) was observed, respectively. The predominant pattern of CD147 and MMP-9 staining was cytoplasmic and the cell membrane. All mammary gland fibroma tissue (n = 30) was negative expression for CD147 and MMP-9
Analysis of correlation of CD147 and MMP-9 with clinicopathologic findings
The correlation between the protein expression of CD147 and MMP-9 and clinicopathologic variables of patients with TNBC were shown in Table 1 . High expression of CD147 and MMP-9 was significantly correlated with lymph node metastasis (P CD147 \ 0.001, v2 CD147 = 21.97; P MMP-9 \ 0.001, v2 MMP-9 = 41.68), high pathological grade(P CD147 = 0.012, v2 CD147 = 6.002; P MMP-9 = 0.006, v2 MMP-9 = 0.014), tumor size larger than 2 cm (P CD147 = 0.009, v2 CD147 = 6.830; P MMP-9 = 0.007, v2 MMP-9 = 7.332) and high Ki67 expression (P CD147 = 0.003, v2 CD147 = 8.864; P MMP-9 = 0.008, v2 MMP-9 = 7.046), but not correlated with other index, such as different chemotherapy strategies, menstrual status, P53 expression and the values of CEA and CA153 before treatment. In the control group, only one patient with fibromas exhibited low MMP-9 expression, which was significantly different from the TNBC patients(P \ 0.05).
Analysis of correlation of CD147 and MMP-9 with therapy outcome
We evaluated the prognostic values of CD147 and MMP-9 on PFS and OS in all patients. None of the patients received pre-operative chemotherapy. All the patients received postoperative chemotherapy and X-ray radiation. Kaplan-Meier analysis demonstrated that TNBC patients with high expression levels of CD147 and MMP-9 had a significantly poorer PFS than TNBC patients with low expression levels of CD147 and MMP-9 (P CD147 = 0.039, median time 36.3 vs. 46.7 months; P MMP-9 = 0.017, median time 34.9 vs. 47.4 months) (Figs. 3a, 4a ). TNBC patients with high expression levels of CD147 and MMP-9 also had a significantly worse OS than the patients with low expression levels of CD147 and MMP-9 (P CD147 = 0.037, median time 47.7 vs. 59.4 months; P MMP-9 = 0.023, median time 50.1 vs. 61.8 months) (Figs. 3b, 4b ). Specifically, a multivariate analysis demonstrated that, in addition to tumor size, tumor grade and lymph node status, not only CD147 but also MMP-9 remained as statistically significant prognostic markers in patients with TNBC (P CD147 \ 0.001; P MMP-9 \ 0.001) ( Table 2 ). These results indicated that increased expression of CD147/MMP-9 was associated with high likelihood of therapy failure in TNBC patients.
Discussion
The recent cancer statistics show that the predicted numbers of new breast cancer cases and deaths in the United States in 2012 are at the first and second positions in the women, respectively, with an estimated 226,870 new cases diagnosed and 39,510 deaths [21] . The TNBC phenotype is heterogeneous from a histopathologic and molecular perspective, which suggests the existence of molecular subsets. Thus, the identification of molecular predictive signatures is necessary and will allow for the characterization of TNBC and the design of optimal treatment modalities. In the present study, the expression and clinical significance of the CD147 and MMP-9 were first evaluated in 127 cases of TNBC. The results showed that the status of CD147 and MMP-9 expression could be predictive factors of TNBC. CD147 is an adhesive molecule expressed on the surface of tumor cells, especially overexpressed on the surface of malignant tumor cells. It was thought that CD 147 is a tumor cell-associated extracellular MMPs inducer and plays important roles in the malignant transformation, invasion, metastasis of tumors and angiogenesis in tumor formation [7] . It has been shown that CD147 overexpression is associated with high transcription and secretion of MMPs proteins in the invasion and metastasis of malignant tumors [10] . Transfection of antisense RNA of CD147 into hepatocellular carcinoma cells decreases the secretion of MMP-9 and inhibits tumor cells for invasion and metastasis [22] . CD147 expression in primary breast cancer tissue correlates with tumor size and staging and is predictive of poor prognosis [23] . The main function of MMP-9, a member of MMPs, is the regulation of cell matrix composition [24] [25] [26] [27] . MMP-9 cleaves denatured collagen (gelatins) and type 4 collagen, which is the major component of the basement membranes. This cleavage helps tumor cells to enter and leave the blood and lymph circulations leading to tumor metastasis.
In our study, we found that the predominant pattern of CD147 and MMP-9 staining similar to staining of non-triplenegative breast cancer and salivary duct carcinoma tissues as described earlier [28, 29] . Both TNBC and salivary duct carcinoma which we have reported previously [29] belong to a highly aggressive adenocarcinoma. Therefore, there may be same clinical characteristics and biological behaviors between these two types of tumors. The correlation coefficient between the expression levels of MMP-9 and CD147 was 0.568 (P \ 0.001). The positive correlation between the CD147 and MMP-9 expression suggested that CD147 was involved in the regulation of MMP-9 in TNBC. In our study, one patient with mammary gland fibroma was found to have the performance of low MMP-9 expression, but there are significant differences between the TNBC and mammary gland fibroma (P \ 0.05), this may be caused by the heterogeneity of the mammary gland fibroma or other unknown reason.
Although this study was the first to indicate the expression levels of CD147 and MMP-9 and to determine their correlation with prognosis in TNBC, several limitations affected the results of the present study. For instance, first, this study encompassed a relatively small number of patients and was a retrospective study. Furthermore, the expression status of the above markers was not analyzed in nodal or distant Fig. 4 Kaplan-Meier analysis showed poorer progression-free survival (A, P = 0.017) and overall survival (B, P = 0.023) of patients with high expression of MMP-9 metastasis sites. Therefore, we did not gather any information concerning the expression of markers at the so-called ''active'' sites of disease progression. Nevertheless, this study indicated that survival and prognosis in patients with TNBC could depend on expression of CD147 and MMP-9 as well as clinical factors, such as nodal stage at diagnosis. Third, this is hypothesis generating, with a strong rationale, and should be further explored. However, using a multicenter design with the cooperation of several large cancer centers, such a study would be feasible, and we have confidence that these two markers are promising biomarkers despite they can not be into clinical use at present. In summary, the results of the present study demonstrated that TNBC could be further divided into good and poor prognosis subtypes according to the CD147 and MMP-9 expression status. We attempted to explain the mechanism of this phenomenon and suggest that poor prognosis subtypes require further evaluation. Future research should aim to include a larger sample size, and cell biology and animal studies should be combined. As some researchers [30] [31] [32] points out that inhibiting activities of CD147 and MMP-9 as potential therapeutic targets may be a good strategy for the treatment of TNBC.
